Abstract. Calculation of a stress intensity factor becomes more difficult when crack are subjected to a complicated stress distribution profile. A standard procedure called influence coefficients is inadequate because a stress profile may not be accurately represented by a polynomial function. This paper applies a piecewise linear approximation of stress profile and a weight function method to overcome that restriction. However, the typically adopted weight function, i.e. universal weight function, is replaced by a weight function, in which its form coincides with the analytical form. Although a new weight function consists of lesser number of terms, it is proved to be accurate when applies to a cracked-cylinder problem, e.g. internal part-through circumferential crack and internal fully circumferential crack under various complicated weld residual stress profiles. Using this simpler weight function and linearized approximation scheme led to a closed-form stress intensity factor solution, which is convenient for programming.
Introduction

Theoretical Background
Weight function method for calculating a stress intensity factor, K was firstly proposed by Bueckner in 1970 and further discussed by Rice [18] . This method is very attractive because weight function is a property of a cracked body. Once the weight function for a cracked body is known, it can be used to find the K-solution of that cracked body subjected to arbitrary stress distribution profile. In the case of pure mode I (opening mode), the mode I stress intensity factor K I of 2-dimensional cracked body having an edge crack ( (x) is normal stress acting along the crack plane. x is reference coordinate axis that is parallel to the crack plane. a is crack length (or depth in the case of semi-elliptical surface crack, see Fig. 2 ). v is a component of crack face displacement normal to a crack plane. E is an apparent Young's modulus, E = E for plane stress and E = E/(1 2 ) for plane strain. Note that  is Poisson's ratio.
To find a weight function of a specific cracked body, a straight-forward method uses one reference loading case of that cracked body, which solutions of K and crack face displacement, v are known. By substituting these solutions into Eq. (2), the weight function I m can be derived. This weight function can be used for calculating K I of that crack body subjected to arbitrary stress distribution on the crack plane. However, this is not a practical way because the crack face displacement solution is rarely available as compared with a K-solution. Petroski and Achenbach [19] proposed a semi-inverse method to overcome this restriction. They assumed a crack face displacement function that is truncated from an analytical solution of edge crack problem. Their function is written as
where the coefficients C 1 and C 2 are undetermined coefficients, which are a function of crack length.
After the substitution of Eq. (3) into (2), the derived weight function can be rearranged as the following form. (4) where  = x/a Petroski and Achenbach (PA) method requires one reference loading case that K-solution is known. This K-solution and Eq. (3) are then used to set up equations from two conditions called near-tip condition and self-consistency condition. Then, these equations are solved for the unknown coefficients M 1 and M 2 . Note that PA method was successfully applied to many problems [20, 21, 22] .
It should be noted that Eq. (4) is applicable to the deepest point (point A) of a semi-elliptical surface crack (Fig. 2) . For convenient, it will be rewritten as:
For a surface point (point B), a pure mode I weight function is expressed as follows:
Later, Shen and Glinka [23] proposed a universal weight function for the deepest and surface points of semi-elliptical surface crack in the following form:
respectively. They also proposed a method for determining the unknown coefficients, i.e. M, N, in Eq. (7) and Eq. (8) from 2 reference loading cases and a geometrical property of the crack face profile [24] . This method is later classified as a direct adjustment method (DAM).
Note again that if the unknown coefficients in Eq. (5) and Eq. (6) are determined by DAM with 2 reference loading cases, the accuracy of the weight function in Eq. (5) is improved [17] and becomes more accurate than the universal weight function.
K-solution by the Proposed Weight Function
This section presents a detailed derivation of K-solution under a piecewise linear approximation of the stress profile based on the weight functions in Eqs. (5) and (6) . Weight function coefficients are determined from two reference loading cases, i.e. DAM. The first case is uniform stress distribution over the component wall thickness as shown in Fig. 3 (a) and the second case is linearly distribution (Fig. 3(b) ). The Fig. 3 . Two references loading cases used for determining weight function coefficients: (a) Uniform stress distribution, (b) Linear stress distribution.
K-solution of the Reference Loading Cases
In API 579 [3] , K-solution for a part-through circumferential crack (Fig. 4 .) under uniform and linearly stress distribution over a wall thickness are
respectively. where a, c are crack depth and half crack length, respectively. 
The elliptic angle  at the surface and deepest points are zero and 2  , respectively. Note that, Q is unity for a fully circumferential crack (Fig. 5) . The coefficients A i,0 and A i,1 for internal part-through and internal fully circumferential cracks, are listed in the Table C.14 and Table C.11 in API 579 [3] , respectively. Note that these coefficients are a function of R i /t, a/c and a/t. 
Integration of the equation yields
Substituting the second reference loading case, i.e. (x) = x/t and Eq. (5) into Eq. (1) yields Figure 6 illustrates a piecewise linear approximation of a given discrete value of stress distribution along the thickness direction. The normal stress over i-th interval is approximated by: For the deepest point, (K I ) i is determined using the weight function in Eq. (5) and its coefficients in Eq. (16) and (17) . The closed-form solution of an integration above is denoted as (K I,A ) i and is expressed as: 
Piecewise Linear Approximation of K-solution
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Validation
This section summary the validation results of derived K-solution under a complicated weld residual stress profile taken from the literature [6, 11, 14] . These profiles are illustrated in Fig. 7 and are denoted as profile number 1, 2, 3, 4 and 5. Note that an individual value of stresses and positions along the thickness direction are digitized from a figure in the literature. It can be seen that the best-fit 4 th order polynomial function fails to reproduce the shape of the stress profiles no. 2, 3 and 5. All validation cases are summarized in Table 1 . To perform a validation; first, the slope and intercept of a line joining a discrete value of a stress profile were calculated from Eqs. (23) and (24) . Next, determine the influence coefficients, i.e. G 0 , G 1 from the appropriate tables in API 579. Note that G 0 , G 1 depend on the ratio of crack depth to a wall thickness, i.e. a/t, then an interpolation is necessary for a/t values that are not tabulated. After, influence coefficients are known the weight function coefficients can be determined from Eqs. (16) and (17) for the deepest point or Eqs. (20) and (21) 
Conclusions
This study proposed a method for calculating K using a simpler weight function, i.e. a 3-terms theoretical form weight function, and a piecewise linear approximation of stress profile. Weight function coefficients were determined from two reference loading cases available in API 579 standard. This weight function was used to derive a new closed-form K-solution. The derived solution was validated by computing a K I at the deepest and surface points of an internal part-through circumferential crack and the deepest point of an internal fully circumferential crack under various complicated weld residual stress profiles. It was shown that the proposed method could accurately calculate K in comparison with FE results and easy to program. 
